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ABSTRACT. Exposure in environmental tobacco smoke is an important variable in many pediatric cpiJouTio- 
logic studies. We measured urinary cotinine, a specific metabolite of r iconne, in a population-based cohort of 
children every other month from birth through two years of age. Extensive data regarding exposure to smokers 
(people in the home, in home and away from home da; care, home visitors, visits to smokers) were collected 
nionihly by way of home interviews. We evaluated, with ini.itipic cotinine measurements as the golJ standard, 
oilier measures of exposure that are more feasible to obtain la large-scale studies. Comparing one cotinine to 
the average of multiple measurements, we found that 33.7% wete in error in excess of ICO ng/mg, bur 84%) ol 
the infants could be correctly classified into categories of low versus high. Parental smoking patterns had the 
highest predictive accuracy (fathers 67.0% and mothers 64.1%). Combining selected smoker categories (either 
parent, other home residents, outside day care workers) resulted in improved accuracy of 79.3%. > clin eitiiemioi. 
50;8:9I 7-923, 1997. © 1997 Elsevier Science Inc. _ 
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INTRODUCTION 

Numerous investigations have demonstrated multiple ad¬ 
verse health effects from passive exposure to environmental 
tobacco smoke (ETS) in both adults and children {1,21- Ma¬ 
jor adverse effects of ETS exposure in infants and children 
include an increased frequency of lower respiratory illness, 
pneumonia, asthma morbidity, chronic otitis media, and 
sudden infant death syndrome (SIDS) 13-6]. Clearly, mea¬ 
surement of ETS exposure is a critical issue in pediatric epi¬ 
demiology. 

Most of the current data on the health effects of ETS 
exposure are based on questionnaire estimates of ETS expo¬ 
sure (5-8]. In recent years, measurement of cotinine con¬ 
centration, which can be accurately measured in blood, sa¬ 
liva, and urine, has been proposed as a biomarker of ETS 
exposure in both adults and children (9,10], Cotinine is a 
specific metabolite of nicotine that can be used to estimate 
the amount of nicotine absorbed by the body over the pre¬ 
ceding 12-48 hr [l!]. The average of multiple cotinine 
measurements should provide the best available estimate of 
ETS exposure over a defined observation period. However, 
it may not be feasible to use several cotinine measurements 
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in the context of a population study. A limited number of 
measurements may nor he as valid or reliable an indicator 
because of random patterns of exposure One method of ex¬ 
amining this issue is to assess the variability of frequent coti¬ 
nine measurements over a long time interval. 

In other study situations, it may not be possible to obtain s 

cotinine data. Instead, information about ETS exposure is i 

collected by questionnaire It would be useful to evaluate l 

how well a questionnaire wich comprehensive queries on * 

exposure to cigarette smokers captures ETS exposure, as¬ 
suming multiple cotinine measurements as a gold standard. 
Furthermore, in some studies, ETS is collected as a con- ; 

founding variable, and thus less interviewing rime can be 
devoted to smoking exposure data. For example, the ATS ( 

Childhood Respiratory Disease questionnaire only includes 5 

smoking information regarding the subject's parents. J 

While minimizing a participant's time, such an abbrevi- ■ 

ated questionnaire might miss other substantial exposures 
to ETS (121. | 

As part of a prospective, longitudinal study concerning 
the development of allergic disease in children, we have 
followed a cohort of infants from birth until two years of 
age. Through in-home personal interviews, we have ob- j 

rained comprehensive questionnaire data regarding poten- v 

tial exposure to smokers on a monthly basis, as well as ( 

corresponding urinary cotinine measurements every other > 


TOb materia! !s subject to the United States cop yr i ght Jaw; S 
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month. The infants studied resided with middle-class fami¬ 
lies in suburbs of Detroit, Michigan. Tire objectives of these 
analyses were to evaluate the consistency and variability of 
measured cotinine to creatinine ratios (CCR) over the two 
study years, and to determine how well various levels of 
serial questionnaire ETS data predict multiple CCR mea¬ 
sure ments. 

A better understanding of the relationship between vari¬ 
ous data collection approaches wouid assist in the planning 
ol studies with optimal efficiency. This wilt also improve 
llie precision of the smoke exposure variables, which will 
make inference more valuable. 

MATERIALS AND METHODS 

The selection of the study cohort has been previously de¬ 
scribed (141. Briefly, all pregnant women living in an area of 
northern, suburban Detroit, defined by contiguous zip codes, 
and belonging to the Health Alliance Plan HM J were eli¬ 
gible for recruitment, if their babies were due between April 
15, 1987 arid August 31, 1989. Women meeting eligibility 
criteria were invited to participate during prenatal visits. It 
the woman agreed to participate, written informed consent, 
and demographic, health-, and lifestyle-related data per¬ 
taining to the woman and the child's father were collected 
by a study nurse. At delivery, cord blood specimens were 
obtained and assayed for total IgE concentration by ELISA. 
IgA concentrations were also measured and samples with 
IgA values > 39 jug/ml were considered contaminated by 
maternal blotxl and these children were excluded from fur¬ 
ther analyses [13-16J. The parents of newborns thought to 
be at increased risk of allergic disease, because of cord blotxl 
IgE concentrations of 2: 0.56 IU/ml, were asked to allow 
their child to participate in an intensive follow-up study 
[ 16-181. 

A study nurse made monthly home visits to participating 
families and interviewed the child's primary care giver, usu¬ 
ally the child's mother. Extensive information was collected 
using an expanded version of the ATS Respiratory Disease 
questionnaire for children [12] about the infant’s exposure 
to smokers, including: parents, other home residents, day 
care providers, baby sitters, home visitors, and people the 
child visited away from the home for more than two hours 
(e.g., friends and relatives). The respondents were asked 
whether each of the child’s parents usually smoked once or 
more than once a day. The respondent was asked whether 
the other people listed above were or were not smokers, A 
smoker was defined as anyone who regularly smoked one or 
more cigarerres per day. No other information on cigarette 
smoking was collected and no further effort was made to 
confirm exposure. An attempt was made to obtain a urine 
specimen every second month for measurement of cotinine 
and creatinine. Data from birth through two years of age 
are included in this study. Cotinine in the urine was mea¬ 
sured by radioimmunoassay by the Clinical Biochemistry 
Facility, American Health Foundation (Valhalla, New 


York). Creatinine was also measured to correct for the dilu¬ 
tion of the urine. All analyses were performed using the 
cotinine to creatinine ratio (CCR) expressed as nanograms 
of cotinine per milligram of creatinine (ng/mg). 

STATISTIC AL METHODS 

To assess the variability of the CCRs we calculated the 
mean, standard deviation, and range of values for each in¬ 
fant. These summary statistics were then summarized across 
all infants in the study. A minimum of three CCRs per in¬ 
fant were required to he included in this analysis. We also 
evaluated the ability of a single CCR measurement to accu¬ 
rately estimate the mean value of the remaining CCR val¬ 
ues for that infant by summarizing the absolute value of the 
difference between each CCR and the mean value of all 
other CCRs for each infant. We chose to use the mean as 
an estimate of cumulative ETS exposure after examining 
alternatives such as area-under-the-curve because rhe mean 
provided equivalent information and required no additional 
assumptions in computation. 

Further, wc evaluated the consistency of each infant's in¬ 
dividual CCR values as indicators of either ETS exposure 
or non-exposure. AH CCR measures were transformed to a 
0/1 binary marker of smoke exposure, using a cut point of 
32 ng/mg based on a previous study (10]. Thus, values at or 
less than 32 ng/mg indicated no exposure, while values 
greater than 32 ng/mg indicated exposure. Infants were clas¬ 
sified as low exposure when 50% or more of their CCRs 
were less than 32 ng/mg. All remaining infants were classi¬ 
fied as high exposure. The consistency of CCR values was 
then estimated as the number of CCR values classified as 
low for low exposure infants and high for high exposure 
infants divided by the total number of CCR values falling 
in the low or high exposure category, respectively. The data 
consists of clusters of observations, where the cluster is re¬ 
peated observations on the same infanr over time. Assum¬ 
ing the model is binomial implies that all observations arc 
independent, which may not be the case. To correctly ad¬ 
just for possible correlation between observations within an 
individual, a ratio estimator was used. This technique, de¬ 
veloped for sampling theory [19], adjusts the variance esti¬ 
mate for this possible correlation. 

The minimum value of the consistency estimate was 
50%. As a value approached 100%, it indicated that more 
of the CCR values were consistent with the corresponding 
exposure category (low exposure or high exposure). 

In the survey instrument, seven relationship catego¬ 
ries between infants and smoking adults were identified: 
(1) mother or female guardian; (2) father or male guardian; 
(3) other regular residents of the infant’s home; (4) visitors 
to the home; (5) people the infant visited outside the home; 
(6) day care worker(s) inside the home; and (7) day-care 
worker(s) outside of the home. Data on the infant's smoke 
exposure (yes/no) from these seven sources were collected 
longitudinally over the course of the study. The accuracy of 
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each of the seven relationship categories in marking smoke 
exposure, relative to the gold standard of the CCR value, 
was estimated. A cutpoinr of 32 ng/mg was again used to 
Jilferentiate no exposure to smoke for any smoke exposure 
110]. The data for each infant in the seven relationship cate¬ 
gories consisted of inulciple measurements, in the analysis, 
each infant's data were treated as a cluster and the accuracy 
was estimated using the ratio estimation technique [20], 
The number of times the smoke exposure category was 
marked "yes" when the CCR was larger rhan 32 ng/mg (t rue 
positive) was added to lire numher of times the smoke expo¬ 
sure category was marked “no" and the CCR value was less 
than or equal to 32 ng/mg (true negative). This number, 
the sum of the true positives and true negatives, was divided 
by the total number of observations to estimate the accuracy 
of each of the seven relationship cacegones. 

The data are reported as the numbers of true positives, 
number of true negatives, number of false positives, and 
number of false negatives. The screening parameters of sen¬ 
sitivity, specificity, and predictive values are functions of 
these counts. We find che counts are mote descriptive than 
Lhe screening parameters in this setting for the evaluation 
of rhe performance of the questionnaire data. 

To assess whether smoke exposure sources other than a 
parent predict high corinine values, a logistic regression 
model was used. The data consisted of clusters of dependent 
observations within an infant (multiple observations across 
time). To account for this dependence in the analysis a gen¬ 
eralized estimating equations (GEE) approach was used. A 
forward stepwise routine was used to see what variables were 
.statistically significant in models including mothers' and fa¬ 
thers’ smoking patterns. 

Consistency of reported smoke exposure was calculated 
for rhe non-smoke and smoke exposure categories. If 50% 
or more of the responses were marked as non-smoke expo¬ 
sure, the infant was considered in the non-smoke exposure 
category. All other infants were considered to be in the 
smoke exposure category. The percent of consistent values 
was generated using ratio estimation techniques. As is the 
case for the CCR analysis, the percent consistent had a min¬ 
imum value of 50%. 

RESULTS 

One-hundred and seven infants were initially enrolled in 
the study, but eight dropped out within the first 6 months, 


leaving 99 (92.5%) infants. The average age of the mothers 
at the birth of the infant was 28.9 ± 4 4 (mean plus or 
minus standard deviation) years and the average age of the 
father was 31.2 ± 5.2 years. Eighty-five (85%) of rhe moth¬ 
ers described their race as white, one (1%) as black, and 11 
(11%) as Asian. The parents of the infants were generally 
well educated. Only 5% of the mothers and 3% of the fa¬ 
thers lacked a high school education, while 44% of the 
mothers and 52% of the fathers had college degrees. 

Eaclr child was scheduled to have 12 urine samples, one 
every other month for two years. The average number of 
samples actually obtained was 7.2 per infant. The most fre¬ 
quent reason for a missing sample was the difficulty of ob¬ 
taining a urine sample in older infants prior to toilet train¬ 
ing. Overall, 705 (60.1%) of the scheduled samples were 
obtained and three or more OCRs in association with three 
or more questionnaires were available for 97 (98%) of the 
99 infants. Cotinine/creatinine ratios ranged froinO to 5301 
ng/mg. 

The variability of the CCR within an infant was quite 
high. The mean, standard deviation, and range of CCR val¬ 
ues were calculated for each infant in the study. A summary 
of these results is presented in Table 1. The mean CCR 
ranged from 0 ng/mg for some infants up to a maximum of 
3126 ng/mg. The average standard deviation lor the 97 in¬ 
fants was 216 ng/mg. The range of CCR for each infant 
was defined as the maximum CCR for the infant minus the 
infant’s minimum CCR. The mean range for the 97 infants 
was 551 ng/mg. 

Table 2 summarizes the differences generated by compar¬ 
ing a single CCR measurement for each infant to che aver¬ 
age of the remaining CCRs for that infant. We computed 
this difference for all CCR measurements. As an example, 
consider the first row of Table 2. It indicates that there were 
166 errors whose magnitude Fell in the range 0 to 9.9 ng/ 
mg. These 166 errors originated from a total of 52 infants. 
The remaining 45 infants had no errors in this range. Of 
the individual CCR errors, 37.7% were in excess of 100 ng/ 
mg. Nearly 4% of rhe individual CCR errors were in excess 
of 1000 ng/mg. These errors of greater than 1000 were not 
clustered within a single child, but originated from 14 
(14.4%) different infants. 

In spite of the large variability in CCR measures within 
an infant, there is a relative consistency o( values if die 
CCR measurement is considered as a binary marker of 
smoke exposure. Using 32 ng/mg as die aupnint between 


TABLE 1. Description of summary statistics computed for each infant (ri — 97) 


Statistics 

Mean 

SD 

Minimum 

Maximum 

Number of observations 

7.22 

111 

3 

18.00 

Mean CCR 

249.98 

502.95 

0 

5126.04 

SD 

215.56 

410.66 

0 

2520.68 

Range 

551.17 

928.22 

0 

4704.95 


Abbreviations: CCR — cotinine to creatinine ratio (np»/ni*»), SD = 


stanJarJ deviation. 


Source: https://www.industrydocuments.ucsf.edu/docs/pphj0001 





920 


E. L- Peterson et til. 


TABLE 2 . Distribution of errors when a single cotinine to 
creatinine ratio was compared with the mean of all other 
cotinine to creatinine ratios for each infant 


Error range 

Number of 
infants with 
error in range' 

Number of 
errors within 
range* 

0-9.9 

52 (53.6%) 

166 (23.6%) 

10-29.9 

55 (56.7%) 

139 (19.7%) 

30-99.9 

59 (60.8%) 

162 (23.0%) 

100-499.9 

56 (57.7%) 

180 (25.6%) 

500-999.9 

15 (15.5%) 

30 (4.3%) 

1000-3999.9 

14 (14-4%) 

27 (3.8%) 


'Represents the ntmiher (if infants for whom at least one of their errors 
was within rlic range. 

'■Represents rhc Its a I manlier of errors of this magnitude. 


unexposed and exposed. Table 3 summarizes the consis¬ 
tency of the marker within an infant. Among the 51 infants 
classified as having low' exposure, 81.9% of the OCRs were 
lower than 32 ng/mg. For the group of 49 infants classified 
as having high exposure, 87.7% of the CCRs were greater 
than 32 ng/mg. Combining the results shows that over 84% 
of all CCRs were consistent with an infant's exposure ente- 
gory. 

To evaluate the relationship between questionnaire- 
reported exposure to smoking and CCR, we examined the 
accuracy of the reported exposure to smoking in predicting 
a high or low CCR. Each of the seven relationship catego¬ 
ries were examined separately and the results are summa¬ 
rized in Table 4. The smoking patterns of fathers and moth¬ 
ers had the highest accuracy in predicting the degree of 
exposure based on high or low CCR The fathers’ reported 
smoking behaviors correctly predicted a positive CCR 150 
out of 372 times and correctly predicted a negative CCR 
322 out of 333 titries. The overall accuracy was estimated 
to be 67.0 ±-3.6% (472 out of 705). Similarly the mothers' 
reported smoking behaviors had an accuracy of 64.1 ± 
3.8%. The most common error for both fathers and mothers 
considered alone were false negatives (249 for fathers and 
222 for mothers), where the parent reported not smoking, 
hut the infant's CCR was in excess of 32 ng/mg. 

The reported smoke exposures from people visited away 
from the home and visitors to the home had accuracies of 


63.2 ± 2.9% and 58.2 ± 3 4%, respectively. For these two 
categories the highest number of errors was false positives, 
where a smoking exposure was reported, but the infant’s 
CCR was less than 32 ng/mg. Smoke exposures From day 
care workers, in a setting away from the home, had an accu¬ 
racy of 57.4 ± 3.4%. The pattern of prediction errors was 
similar to that seen with the parents, a high number of false 
negatives. Substantially lower accuracies were observed re¬ 
lated to the smoking behaviors of other adult residents of 
the home (52.8 ± 3.8%) and day care workers who worked 
at the infant’s home (50-7 — 3.7%). 

Multiple logistic regression identified other adult resi¬ 
dents ol the infant's home, and day care workers working 
outside the home as significant variables predicting a high 
CCR with mothers’ and fachers' smoking patterns included 
in the model (Table 5). The best predictive model is equiva¬ 
lent to predicting smoke exposure if any of the four smoke 
exposure sources are positive and predicting no smoke expo¬ 
sure if all four sources are negative. This model increases 
the ptedicti ve accuracy significantly. This combination cor¬ 
rectly identified 257 out of 372 high CCRs and 302 out of 
333 low CCRs for an overall accuracy of 79.3 ± 2.5%. This 
is significantly higher than using either mothers or fathers 
alone, with a p-value of less than 0.001. We again note that 
the most common error was a false negative. 

We also evaluated the questionnaire exposure data as 
multiple encounter data. To assess if a single questionnaire 
asking about current .smoking exposures would suffice in a 

cohort study, the consistency of smoking patterns as re¬ 
ported by the seven relationship categories was evaluated. 
The results are summarized in Table 6. For mothers and 
fathers, the consistency of smoking patterns is remarkably 
high, Parents who described themselves as smokers report 
smoking on 95.7 ± 2.5% (mothers) and 92.5 ± 2.6% (fa¬ 
thers) of the monthly questionnaires, respectively, with an 
average of more chan 20 questionnaire responses. For the 
nonsmoking parents, the consistency is 99.8 ± 0.1 % for 
mothers and 88.8 ± 0.8% for fathers. This average is gener¬ 
ated over more than 21 questionnaires per infant. 

The consistency of responses is lower for the other rela¬ 
tionship categories. The smoking and nonsmoking percent 
consistency is 88.2 ± 8.2% and 97.5 ± 0.9% for other adult 
residents of the home; 83.2 ± 2.0% and 76.8 ± 2.4% for 


TABLE }. Consistency of cotinine to creatinine ratio to be above or below 32 ng/mg within 
an individual with multiple readings 


Cotinine 

Number 

Average 

number 

Average 
number of 
consistent 

Percent 

Standard 

category* 

infants 

of ratios 

ratios 

consistent 

errors 

h iw 

51 

6.94 

5.69 

81.9 

2.5 

i ligit 

49 

7.16 

6.29 

87.7 

2.2 


"An mil [if is classifcd ;is low exposure if half or more of tleir cotinine to creatinine ratios arc less than 32 
ng/mg; otherwise they are classified as high. 
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TABLE 4. Screening characteristics of the different smoke exposure categories in predicting a high cotinine to creatinine ratio 


Smoke exposure source 

n 

Accuracy 

True 

positive 

False 

negative 

True 

negative 

False 

positive 

Father 

705 

67 0 £ 3.6 

150 

222 

322 

u 

Mother 

705 

64-1 ± 3.8 

123 

249 

329 

4 

People outside child's home 

622 

63.2 £ 2.9 

301 

71 

109 

224 

Visitor to home 

705 

58.Z £ 3.4 

260 

79 

133 

150 

Child care outside chilJ's home 

705 

57.4 £ 3.4 

87 

285 

318 

15 

Other residents of child's home 

705 

52.8 £ 3.8 

47 

325 

325 

8 

Child care in home 

689 

50.7 ± 3.7 

28 

332 

321 

8 

TABLE 5. Modeling combinations of smoking exposure cat- 

DISCUSSION 




egories in predicting a high cotinine to creatinine ratio 


Variable 

Coefficient 

Standard 

error 

P 

Values 

Intercept 

-.91 

.17 

.001 

Mothers 

3.03 

-42 

.001 

Fathers 

2.38 

.49 

.001 

Child care not at 
child’s home 

1.92 

.44 

.001 

Other residents of 
child's home 

1,87 

.77 

.015 


people visited outside of the infant’s home; 89.8 ± 1.7% 
and 70.4 — 2.2% for visitors to the child’s home, 78.2 ± 
6.2% and 92.9 ± 1.2% for day care workers away from the 
infant’s home. The percent consistency for nonsmokers for 
day care in the home was 94-8 ± 0.9% with no respondents 
classified as smokers for this category. 


There is general agreement that passive ETS exposure of 
children contributes to increased respiratory disease and 
SIDS. Measurement of cotinine-creatine ratios provides 
objective, quantitative ETS exposure data, but cotinine 
measurements are more difficult and expensive to collect 
anj represent relatively short periods of exposure. ETS ex¬ 
posure data gathered by interviewers using an extensive 
questionnaire are also relatively expensive to collect, a time 
burden on the participant, and subject to variation de¬ 
pending on environmental variables that are difficult to es¬ 
timate (e g., ventilation, child's distance to smoker). 

In this prospective study, we have found substantial varia¬ 
tion in CCR measurements from infants studied longitudi¬ 
nally from birth to two years of age. The data indicate that 
a single point measure of CCR does not adequately describe 
the infant’s passive ETS exposure based on either the vari¬ 
ance of measurements within an infant, the range of values, 
or the difference between single measures and the mean. 


TABLE 6. Consistency of responses to smoke exposure on questionnaire 


Source 

Exposure 

category’ 

Number of 
respondents 

Average 
number of 
response 5 

Average 
number of 
consistent 

responses 

Percent 

consistent 

Standard 

error 

Mol hers 

Smoker 

20 

19.90 

19.05 

95.73 

2.54 


Nonsmoker 

79 

21.73 

21.69 

99.83 

0.13 

Fathers 

Smoker 

24 

20.58 

19.04 

92.51 

2.55 


Nonsmoker 

74 

21.74 

21.49 

98.82 

0.76 

Other residents of 

Smoker 

4 

17.00 

15.00 

88.24 

8.24 

child's home 

Nonsmoker 

94 

21.49 

20.95 

97.48 

0.85 

People child visits away 

Smoker 

61 

19.44 

16.18 

83.22 

1.95 

from home 

Nonsmoker 

35 

1763 

13.54 

76.82 

2.43 

People visiting child 

Smoker 

67 

21.03 

18.88 

89.78 

1.67 


Nonsmoker 

32 

22.06 

15.53 

70.40 

2.20 

Child care in home 

Smoker 

0 

— 

— 

— 

— 


Nonsmoker 

98 

21.04 

19.94 

94.81 

0.93 

Child care away from 

Smoker 

7 

20.29 

15.86 

78.17 

621 

home 

Nonsmoker 

92 

21.45 

19.92 

' 92.90 

1.17 

J Must be at least six responses. 

Subject is classified as 

a ‘'nonsmoker'’ 

if half or more of responses 

are no to smoking; otherwise they 

are classified as ;» 


“smoker/ 1 


Source: https://www.industrydocuments.ucsf.edu/docs/pphj0001 
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We speculate that the range of values between infants re¬ 
sults from varying magnitudes of ETS exposure. The infor¬ 
mation gathered during the study did not include informa¬ 
tion on the number of cigarettes smoked by each smoker 
and thus we could not evaluate whether this information 
would have produced a dose-response relationship between 
smoke exposure and CCR values. However, it is clear that 
if an accurate estimate of an infant’s passive ETS exposure 
status is needed, then multiple CCR measurements are nec¬ 
essary. 

It does appear that CCR measurements cluster for each 
infant and one measurement may be used successfully as a 
binary marker of passive ETS exposure. There is a consis¬ 
tency of reported exposure for the infants with those chil¬ 
dren being exposed (or non-exposed) to ETS being consis¬ 
tently exposed (or non-exposed). If a simple marker of 
passive ETS exposure is required, then a single point mea¬ 
surement of CCR may be adequate. It is known that cod- 
nine only marks the very recent exposure to secondary 
smoke. However, the consistency of the clustering and the 
smoking patterns support the idea that a single measure¬ 
ment could mark a binary exposure variable. It is clear 
though that multiple CCRs provide better estimates of the 
intensity of exposure. 

Reasonable agreement was observed between the ques¬ 
tionnaire data describing ETS exposure originating from ei¬ 
ther parent and the CCR measurement. The agreement was 
very high comparing a reported ETS exposure from parents 

and a CCR value in excess of 32 ng/mg. There were a sub¬ 
stantial number of infants, however, with CCR values indi¬ 
cating passive ETS exposure when both parents reported 
being nonsmokers. Multiple variable analysis using the GEE 
approach to logistic regression indicated that considering 
information on smoke exposure from parents, other adult 
residents of the infant's home, and child care workers at 
locations away from the infant’s home significantly im¬ 
proved the agreement between the questionnaire results and 
passive ETS exposure as measured by CCR measurements. 
Each variable was significant at the 0.05 level. These results 
suggest that infants absorb significant amounts of ETS from 
sources other than parental cigarette smoke and chat ques¬ 
tions about smoking by individuals other than the parents 
must be used on questionnaires to fully assess ETS exposure. 
These alternate sources of ETS exposure may lie more im¬ 
portant as children grow older, since infants probably Spend 
more time close to their parents than do children older than 
two years of age. 

The information on a questionnaire must include multi¬ 
ple sources of ETS exposure beyond just the child’s parents. 
In addition, our data indicate that these data must be gath¬ 
ered in a longitudinal fashion over time. A single point esti¬ 
mate of exposure from the parents is reasonable since paren¬ 
tal smoking status was relatively consistent over the two 
years of our study. However, ns might be expected, the other 
significant exposure sources, such as visitors to whom the 


child is exposed, do not display as consistent a smoking pat¬ 
tern as the parents. 

The data, but not the conclusions, from a recent study 
evaluating the reliability and validity of environmental, 
biological, and parent reported measures of their asthmatic 
child’s residential ETS exposure in essence support our 
findings [21]. Questionnaires were reliable and valid com¬ 
pared with the gold standard of environmental nicotine 
measurements. The correlation between two single urinary 
cotinines two months apart was extremely low, which was 
interpreted to reflect the vagaries of the test and urine col¬ 
lection [21], Instead, we feel that variation in smoke expo¬ 
sure over time, likely due to sources other than the parents 
and/or outside the home, is reflected in the cotinine values. 

We considered the question of whether our results would 
be substantially different if all scheduled urine samples had 
been obtained. We do not believe that better success in 
obtaining urine samples would have substantially changed 
the results. The urine CCR data was over 60% complete 
with an average of 7.2 CCRs per infant. None of the data 
suggested that infants who were more or less cooperative 
with the urine samples were more or less exposed to ETS. 

A possible explanation for the modest level of accuracy 
of the parents’ questionnaire data in identifying positive 
smoke exposure, is that the smoking questions were an¬ 
swered incorrectly, particularly that smokers might have de¬ 
nied their behavior. This explanation would be consistent 
with the high number of false negatives observed- While 

this explanation is a possibility, the two study nurses visited 
the homes each month during the study over a two-year 
period, and reported remarkable congruity between reported 
smoking behavior and evidence of cigarette smoking such 
as the smell of smoke, ash trays, and the appearance of dust 
samples that were collected. Further, the nurses developed 
strong relationships with the respondents and did no, sense 
that any were deliberately answering incorrectly. 

Henderson et nl. [10] proposed a value of 32 ng/mg of 
cotinine to creatinine as the best value to distinguish 
cigarette-smoke-exposed from non-exposed children. This 
value was obtained by comparing the CCRs of children with 
the concentrations of nicotine measured in the home. The 
value of 32 ng/mg resulted in a sensitivity of fiO% and a 
specificity of 95-7 percent in the 27 children studied. Others 
have also used this value |9}. We note that the results we 
present are fairly robust to the choice of cutpoint for the 
CCR measurements. The results are essentially the same 
when using a cutpoint of 100 ng/mg. 

We conclude that CCRs were highly variable, suggesting 
that multiple CCRs are necessary to obtain an accurate esti¬ 
mate of the amount of ETS exposure over time. A single- 
point measurement of CCR may be adequate as a simple 
indicator variable of passive ETS exposure. We found strong 
agreement between CCR values and questionnaire reports 
of potential ETS exposure from multiple sources. Our CCR 
data suggest that infants absorb ETS generated by multiple 
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individuals beyond dieir parents, and that questionnaires 
concerning ETS exposure should, therefore, include ques¬ 
tions about smoking by these other sources, in addition, due 
to the variability in the smoke exposure from individuals 
other than the infant’s parents, multiple questionnaire data 
should be gathered over time. 
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